Options for managing splenic injuries have evolved with a focus on nonoperative management. Long-term outcomes, such as readmissions and delayed splenectomy rate, are not well understood.
M anagement options for splenic injuries resulting from trauma have evolved to include immediate splenectomy, nonoperative management, and splenic artery angioembolization. 1 Nonoperative management has become common, particularly for low-grade injuries. However, angioembolization for selected splenic injuries has also been used increasingly. [2] [3] [4] [5] Some centers using angioembolization in their management algorithms have published high rates of splenic salvage, even in the case of high-grade injuries. [6] [7] [8] However, long-term failure rates for nonoperative management and angioembolization are not well described.
Investigations related to postdischarge outcomes for splenic injuries have been based on institutional findings, limiting the overall generalizability of results. 5, [9] [10] [11] [12] Furthermore, these studies may not capture patients who presented to a different hospital for additional treatment. Two population-based studies in the recent literature 11, 12 have used statewide data from California. One of these studies 11 reported a 30-day readmission rate of 7.4% when nonoperative management was used and a 12.8% readmission rate when angioembolization was used. However, the study included patients who had other injuries in addition to their splenic injuries. Whether a readmission was associated with the splenic or another injury could not be determined from administrative data. Furthermore, the study excluded patients who had undergone a splenectomy at the index hospitalization; thus, comparison of the associations of management strategies with readmissions is difficult. A second study 12 used the same data to analyze readmission rates for nonoperative management with or without adjunctive angioembolization vs operative management. The investigators showed readmission rates among patients who had undergone splenectomy of 11% at 30 days and 21% at 1 year compared with rates of 7.5% at 30 days and 16% at 1 year in the nonoperative management group. Again, the study cohort included patients who had other injuries in addition to splenic injuries, and thus interpretation of the findings is difficult. An investigation that uses population-level data is needed to determine postdischarge outcomes related to splenic injuries, particularly as the outcomes are associated with the initial management strategy used for the splenic injury. Such a study should focus on isolated splenic injuries, because readmissions and the decision to perform a splenectomy can depend on other injuries and procedures. We hypothesized that readmission rates would be high and that splenectomies would be performed during readmissions for those who did not undergo a procedure at their index hospitalization. To test this hypothesis, we used an all-payer, allages, longitudinal database to evaluate 6-month readmission and delayed splenectomy rates among patients who were admitted to hospitals in the United States in 2013 through 2014 with an isolated splenic injury.
Methods
The Nationwide Readmissions Database (NRD) is produced by the Healthcare Cost and Utilization Project (HCUP) by the Agency of Healthcare Research and Quality. The NRD is a nationally representative sample of 15 million unweighted discharges each year, or 35 million weighted discharges from US hospitals. 13 The NRD is unique because it contains readmission data, such that each patient in the database can be followed up longitudinally for the course of 1 year. Furthermore, the NRD is an all-payer database, and thus the generalizability of analysis from the included patient population is increased. This database provides weighted adjustments to produce nationally representative estimates. We used NRD data from 2013 and 2014, which are the only 2 years available. The study was waived from formal review and informed consent by the institutional review board of Stanford University because the NRD data used by HCUP are deidentified. Use of the NRD follows regulations within the data use agreement as defined by the HCUP and Agency of Healthcare Research and Quality. Diagnoses and procedures were identified using codes from the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). Splenic injuries were identified using ICD-9-CM codes 865 to 865.2. ICD-9-CM procedure codes used to identify splenectomy included 41.5 and 41.43; codes used to identify angioembolization were 88.4, 88.40, 88.47, and 39.79. Injury characteristics such as Injury Severity Score were derived using the ICDPIC (ICD Programs for Injury Categorization) module in Stata software. 14 Patients were included in the analysis if they were 18 years or older, had a splenic injury, and were admitted from January 1 through June 30, 2013, or January 1 through June 30, 2014. Admissions in the first half of the year ensured a minimum follow-up period of 6 months. A follow-up period of 6 months was selected because long-term follow-up of consequences of splenic management strategies has never been defined. Of note, patients are not followed up from year to year in this database. Therefore, each year was analyzed separately.
Because readmission or decisions to perform a splenectomy may depend on the totality of a patient's injuries, we focused only on isolated splenic injuries. Therefore, all patients with an Abbreviated Injury Score greater than or equal to 2 in any nonsplenic body region were excluded. Patients who died during their first hospitalization were also excluded.
The primary outcome was the all-cause 6-month readmission rate. A secondary outcome was delayed splenectomy rate.
Key Points
Question On a national level, what is the natural history of isolated splenic injuries with regard to readmission and delayed splenectomy when a splenectomy is not performed during the index hospitalization for injury?
Findings In this national database study of 3792 patients with isolated splenic injury, nonoperative management was the most common strategy used for isolated splenic injuries (2673 [70.5%]), whereas splenectomy was used in 825 cases (21.8%). The delayed splenectomy rate for those who did not have a splenectomy at their index admission was 1.2% (36 of 2967 patients).
Meaning Current practice patterns are associated with low rates of readmission for delayed splenectomy.
Delayed splenectomy was defined as a splenectomy that was performed after the index hospitalization. Analyses were performed using a level of statistical significance of P < .05. Unadjusted analysis included the χ 2 goodness-of-fit test and univariate regression. Mixed-effects logistic regression controlling for center effect was used to determine factors associated with risk for readmission. Variables used in the regression models included known demographic, injury, and hospital confounding characteristics. The most parsimonious regression models were used. Stata software does not allow for calculations of the area under the curve or Hosmer-Lemeshow statistics when mixed-effects regression is used; thus, the same variables were included in a logistic regression model not controlling for center. Results were compared, and model performance was derived from the matching logistic regression models.
The 2014 (but not 2013) NRD also provided data on days to procedure, allowing for a determination of the specific days after admission on which splenectomies were performed. This information could be used to identify patients who initially underwent a nonoperative management strategy, which we defined as patients who did not undergo a splenectomy on hospital days 0 or 1. Therefore, in addition to the delayed splenectomy rate, we determined a rate of failure of nonoperative management, defined as a splenectomy after day 1. A Kaplan-Meier analysis was performed to determine time to splenectomy for those with failure of nonoperative management.
Weighted data are presented to provide nationally representative estimates. Statistical analysis was performed using Stata/SE software (version 14.1; StataCorp). We found significant differences in patient, injury, hospital, and outcome factors, depending on the management strategy used during the index hospitalization ( Mixed-effects logistic regression controlling for center effect was performed to determine factors associated with undergoing splenectomy at the index admission. Variables included in the analysis were age, sex, payer status, zip code income quartile, number of chronic diseases, splenic injury grade, hospital characteristics, and discharge status and length of stay from the index hospitalization. The only variables associated with undergoing a splenectomy were age, splenic injury grade, and hospital characteristics. Increasing age was associated with an increased odds ratio (OR) for splenectomy (1.48; 95% CI, 1.02-2.14; P = .04) The OR for undergoing a splenectomy at the index hospitalization for patients with a highgrade vs a low-grade splenic injury was 3.60 (95% CI, 2.74-4.73; P < .01). Characteristics associated with lower ORs for a splenectomy at index admission included hospitals in regions with a population of 1 million or greater (0.67; 95% CI, 0.51-0.88; P < .01), metropolitan teaching hospitals (0.74; 95% CI, 0.56-0.96; P = .02), and hospitals with large bed sizes (0.75; 95% CI, 0.57-0.97; P = .03).
Results
Overall, 799 patients with an isolated splenic injury (21.1%) were readmitted within 6 months. For patients who were readmitted, 504 (63.1%) experienced 1 readmission, whereas 168 (21%) experienced 2 and 127 (15.9%) experienced 3 or more readmissions. The mean time until readmission was 44.0 days (95% CI, 38.2-49.7 days). Among patients who were readmitted, 562 (70.3%) were admitted to the same hospital as in the index hospitalization, whereas 237 (29.7%) were admitted to a different hospital. Among the 799 patients who did not have a splenectomy at their index hospitalization and were readmitted within 6 months, 36 (4.5%) had a splenectomy at readmission. Because most patients were not readmitted, patients who did not undergo a splenectomy at the index hospitalization had a low delayed splenectomy rate (36 of 2967 [1.2%]).
We compared patients who were readmitted at least once with those who were never readmitted ( management strategy (ie, splenectomy, angioembolization, or no procedure). To determine whether initial management strategy was associated with lower rate of readmission in patients with high-grade splenic injuries, we also conducted multivariate logistic regression with the inclusion of an interaction term for splenic injury grade and management strategy. Inclusion of the interaction variable did not affect the results (OR, 0.93; 95% CI, 0.24-3.64). The adjusted risk for readmission was determined using mixed-effects regression to control for center effect. Variables included in the analysis were the same as listed above ( Table 3) . The adjusted risk for admission was not associated with the initial management strategy at the index admission. High-grade splenic injuries were associated with a lower OR for readmission compared with low-grade injuries (0.68; 95% CI, 0.49-0.96; P = .03). Other characteristics associated with high ORs for readmissions included number of chronic conditions (1.18; 95% CI, 1.12-1.23; P < .01) and evidence of a more complicated initial length of stay, including a higher OR for nonroutine discharge (1.18; 95% CI, 1.12-1.23; P < .01) and longer length of stay (1.03 per day; 95% CI, 1.01-1.04; P < .01).
The 2014 data (but not the 2013 data) contained information on day to procedure. This information could be used to identify the exact day from the index admission day for injury to splenectomy for the cohort in 2014 who had nonmissing data. We defined patients as having an initial plan for nonoperative management for an isolated splenic injury if a splenectomy was not performed on day 0 or 1. For the subset of patients who initially underwent nonoperative management but who ultimately required splenectomy, we performed Kaplan-Meier analysis 
Discussion
This analysis is the first, to our knowledge, to describe the management of isolated splenic injuries and the long-term consequences in a longitudinal all-payer, all-ages national database that also includes all acute care hospitals (ie, not just trauma centers). By focusing the study on isolated splenic injuries, we could assess splenectomy rates and readmissions independently of other confounding injuries. In this study, 70.5% of patients did not undergo any procedure at their index admission, whereas 21.8% underwent splenectomy. The estimate for the number of patients being treated with a nonoperative therapy at the index admission is likely to be an underestimate because the day of the procedure is not coded for the entire data set (only 2014). Because these data were not available, we can only identify whether a splenectomy was performed at some point during the hospitalization. Therefore, some patients who initially were assigned to a nonoperative management arm likely experienced treatment failure during their index admission, as suggested by the 2014 data, which include procedure days. In 2014, 50.1% of patients experienced nonoperative management failure within a 5-day window. Together, these findings suggest that the number of patients who underwent initial nonoperative management was likely to have been higher than 70%. Injury and hospital factors were associated with the particular management strategy used at the index hospitalization. Almost 40% of patients with higher-grade injuries (Abbreviated Injury Score grades 4-5) underwent splenectomy during the initial hospitalization. In adjusted regression, the OR for having a splenectomy at the index admission for highgrade injuries remained high at 3.60. However, our findings suggest that hospital factors also play a role. We also found that large, metropolitan teaching hospitals were less likely to perform splenectomy, after controlling for known confounders. Although this result may be secondary to differences in patient factors, the findings may represent cultural or protocol differences. This possibility is further suggested by differences observed in hospitals where angioembolization was performed at the index admission. Among patients who underwent angioembolization, 219 (74.5%) were at teaching hospitals, compared with 440 (53.3%) who underwent splenectomy and 1586 (59.3%) who did not undergo a procedure. Further work should determine whether patient factors, practice patterns, or a combination of both result in the observed patterns of management for splenic injury.
Given the longitudinal nature of this database, we also determined downstream use of health care services based on initial management strategy. Overall, 6-month readmission rates were approximately 20%. This rate is consistent with those of other studies 10-12 of trauma readmissions that show rates of 30-day and 1-year readmission ranging from 7.6% to 21%. High rates of readmission did not appear to be associated with the need for splenectomy. The overall rate of delayed splenectomy was only 1.2%. This rate suggests that readmissions occurred for reasons other than splenic rebleeding.
Rates of readmission were higher among patients who had low-grade injuries. Given the low rates of delayed splenectomy, readmissions are likely attributable to other factors unrelated to management of the spleen. Furthermore, the unadjusted and adjusted analyses suggest that some of these factors may be patient related. Patients who were readmitted were older and had more chronic conditions. Readmission may be associated with these chronic conditions or perhaps a worsening status for their chronic condition resulting from injury. Furthermore, patients who were ultimately readmitted appeared to have longer, perhaps more complicated, index hospitalizations. Patients who were readmitted had a mean length of stay that was 4 days longer than that for those who were not readmitted. Because patients with significant other injuries were excluded from the analysis, patient factors rather than injury factors may have played a role.
Limitations
This study has several limitations. Retrospective observational reviews are subject to the limitations inherent to such studies. Although results of studies from the national databases such as the NRD provide important insights into management trends, causal associations cannot be determined. Specifically, for this study, we were limited by ICD-9-CM procedure codes, because those coding for angioembolization are not specific to body location. The ICD-10 Procedure Coding System 15 may benefit overall analysis because procedural data are coded for body part. Such granularity would allow for more specific identification of angioembolization location and allow analysis of all patients with splenic injuries, including those with concomitant injuries. Other limitations include those inherent to the NRD. These include the lack of information on out-of-hospital deaths, trauma center status, and clinical treatment variables such as transfusion data. Future studies should incorporate these variables to further evaluate risk factors for readmission. Despite these limitations, this study is the first, to our knowledge, to evaluate long-term readmission rates in a national, all-payer, all-ages database. 
